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OHUAH XAPAKTEPHCTHKA PAEOTH 

AltTyam,HOCTl> npo6~eMH 
Ha oero,Tl;IlSilllHHI .ttelil> cllltTaeTCJI, 'ITO HSRC!OJiee ~eKBSTHoe oIIHcrume 

4JH3RKl'I a~eMeHTapHHX 118CTHD; .naeT Teopmi: K8Jllt6p0BO'll!HX IIOJieit. Ha ee 
OCHOBe, B 118CTHOCTH, CTpOJITCJl TaKHe BaJtHelnme qit3RqecKHe Hea6e~eBll 
TeopeTRKO-IIO~eBlle MO.tte~,KaK KBSHTOBa.ll Xp0MO.ItRHSMRK8 (KX.JO H MO.ltMl> 
M6KTpOCJia6WC B3SRMO.tteflCTBim. B KB8HTOBOfl xp0MO.ttKHBMRK6, CYlll6CTB6HHO 
HCilOJll,3YIIIleff HOBOS KBSHTOBOe lllICJIO - UBST KB8PK8, BIIepBlle BB6.lt6HHO8 
B pa6oTe EorOJII06OB8-CTpywmcKOro-Tam:~3e (I965), 6WIO O6H8pyaeHO 
~elll!le 8CKMIITOTK'l8CKOff CB06O)tH B y~Tpaqi!OJI6TOBOit o6MCTR. 3To IlO3-
BOM6T IIpm,,!eHJITl, B ee paMKSX anIIapaT T6Opmt B03MYllleHd 'AJill pa"c-rieTa. 
~e~oro pR,ll;8 q)R3RqecKHX IIpo~eccoB IlpK BllCOKHX 3HeprHIDC. MO.ttMD MeK
TpoCJIS6HX B38RMO.tteitCTBim, CqlOp.!yDp0BaHH8Jl Bai!H6eprOM R Ga.lia.MOM 

(I967), !IpHO6peM B IIOCJI6Jtlll!l6 ro,ttll, 6MrO.tt8p.ll O6Hapyzemlll w -K z -6O30HOB, CTSTyC O61Il8IlpK3HaHHOit T6Opm!. . 
Hea6M6Bll K8Jllt6p0BO'lllll6 IIOJlJl BII6pBll6 6wm BB6)t6HH B pa6oTe·HHra 

R MitnJica {I954), B KOTopoa 6WI O6O611l6H III>JDmHII rpa.ItReHTHOit RHBapKaHT
HOCTR KB8HTOBOff M6KTpO.ttKH8MKKH {KS,U) H8 CJIY118i! BeKTOpHHX IIOJieit 0 
H3OTOI1K'l6CKHMH CT6Il6Hf1Mlil: CB06O,ttll. Ha CII8IJ;IIqllill(y KB8HTOB8Hml Hea6e~ema 
K8~6poBOqffwt IIOJiel BIIepBlle 6WIO O6P81Il6HO BHHM8.HB8 B pa6oTax ~elm!a
Ha (1963) R .Ile BHTa {I964). HaR60Jiee IIOCJl6)tOB8Te~Hlli! IlO'AJ(O.tt K KB8H
TOB8lll!lll 6e3M8CCOBWC IIOJieit HHra-Mwtnca {HCIIOJll,3yeMWC, B q8CTHOCTR, B 
KX,U), OCHOBSHHHi! Ha M8TO.tte KOHTl!HY~Horo HHTerpHpoBaHlUl: 1 6WI pa3BHT 
B pa6oTe ~a.n.tteeBS l! IloIIOB8 {I96?). SToT IIO'AJ(O.lt, 6Mro.napa M8:xaml3MY 

Xm:Tca, 6wr npaKTHqecKH 6es zsueHeHd nepeHeceH -r•Xooq>TOM {I97I) Ha 
CJIY1i8A MaccHBHllX KSJIH6poBO'lHHX nOJiel. BeDelmel qepToit odoyz.naeMKX 
Teopmt JIMJISTCJl.l!X nepeHop,mpyeMOCTl», KOTOpa.ll 6UM ycTaHOBJleHa B pa-
6oTax CIIaBHOB8 {I972), Tebopa {I97I), JlH H 3HH-XllcTeHa {1972), 
T'Xooq>Ta H BMl>TMaHa {I972). 

:&.!ecTe c TeM B KSJIH6pOBO'lllllX TeopHBX IIOJlJl CYll!6CTByeT pR,ll; .no Cl!X 
nop H8 pememmx: npo6JI8M. K l!X qHCJIY CJie.nyeT OTH8CTH npo6.4911Y OllllCSHIIJl 
H8Il8PTyp68THBHOI, HH4!paKpaCHOl,O6JiaC'rll KBSHTOBO! xpoMO)tBHaMBlUI. 

B noCJie.ttmte ro,ttll 3TO H8IlpaBJ16HH8 HHT8HCl!BHO HCCJie.nyeTCJI. OCHOBHllMH 
o6~eKT8MH H3yqeHmi: 3,lt6Cl, ~CJI IIOJIHH8 tpyHKIJ;IIH rpmm, OIIHCHB8Jlllll8 
pacIIpoCTpaH8lll!l8 KBapKOB l! r~llOHOB. B qacTHOCTR, zsyqaeTCJl IIOJIHHit 

01.rl.tii,,it·.,,ii.i!i B~i{r~ry~: -
na~~3ux 3r.c~tlonaual 
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KBapKoBlitt nponaraTop ,J,tft'if)= /(IJ/iftz)'ft;y,JIO> . HHTepec K 
TllltHM llICCJie,ItOBallRJ'JM o6yOJIOB/IeH TeM, 'iTO OTOYTOTBRe IIOJU)Oa y TaKoro 
nponaraTopa B lIH~KpaCHOfl 06JraOTllI MOJleT TpaKTOBaTI,OH KaK HeHa6Jr1Q1tae
MOOTI, (KoHqm!HMeHT) KBapK8.. 0~ llISB80THO, 'ITO IIOJIHl:le ~ I'pn-

. Ha, B '!aOTHOOTllI . nponaraTop 9,(.z,, tf) , HBJlJlDTOH K8.JIH6poBO'!HO-sami:
Ol!MHMI! B8JIH'!RHaMR. !IOBTOMY mfCJie,ItoBaHIIe lIHqipaxpaOH0:11 o6JraOTH KX.1L Ha 
HSwte BTHX <I>~ I'pHHa IIPHBO.ztHT K Ka.llR6pOBO'IHO-SaBROHMHM pesym,Ta
TaM. B BTOfl OBH3H npe.ztOTaB/IHeTOH aKTYaJII,HOfl S~'!a~IIOOTpOeHHH H aay
'!8HHH OBO:l!OTB Ka.JIH6pOBO'IHO-llHBapaaHTHHX ElHWIOroB 06H'!HWC ~ rpa
Ha. Kwm6poBO'!HO-HHBapaaHTHW! KBapKOBlitt nponaraTop 

Ctz,,c1/CXJ) = /(tJ/'17f(xJ.P~fJl')fa't~,(t}J tf(j)IO), (I) 
Cx9 

r.zte f<J 03Ha'!aeT ynopsutO'!eHRe IIO IIapaMeTpy ~OHTypa R:H.TerJ;»WOBaHRH, 
ooe.ztruIJm11ero T~'IKR .x a ~ , paocMaTpHBa.JICJI BO MHorruc pa6oTax. • 

CJre,rzyeT OTM0THTI,, 'ITO npo6JieMa IIOOTpoeHM RaJIH6poBO'IHO-HHBapnaHTH1!X 
.mrnaMHtJ:eoRIDC BeJIHtJ:HH Bocxo)UiT R pa6oTaM ,Uupaim, illBHHrepa, MaH,IteJII.c-ra-
Ma H ,npyrruc aBTOpoB. . 

,lij>yrWI npo6JI8Ma I KOTOpaH HHT8HO11BHO lll3Y'!a8TOJ! B Teo pm KaJillI6po-
BO'!HWC IIOJie:11,- BTO npo6JreMa HeIIpOTKBOp8'lllIBOro HOIIOJII,SOBaHWI K8.JIH6po
BO'IHHX YCJIOBd npa KBaH'fOBalllllll IIOJie:11 HHra-MIIJLnoa. JlelOTBRTeJll,HO, npo6-
JieMa BH6opa YOJIOBd, qmtOllPYDIIHX K8.llllI6poBKy, npe.ztCT8l3.llJllJltWI Ha nepB!dt 
BSrJIHJl 'lllICTO Texml'!ecxmf BOIIpoo, CBR:38HHWI C BH6OpoM HEm6OJI8e OIITllI
MaJII,HOro cnoco6a pacqeTa Toro llJillI ll!Horo qiz3lll'lecxoro npo~ecca, npa ne
pexo.zte R Hea68JI8BHM 'f8Opll!HM OKa3HB88TCH COIIp.s:E8HHOI C psutOM ,JU>yrHX 

npo6JI8M 1 . npao6pe.T8JJIIHX 1tpRHI\liJIIl/£8JI'f,HO8 3Ha'!8Hll8 (H80,ItHOSHa'!HOCTll rpz-
6OB8, npo6JI8M8 o6XO)t8 IIOJIJlCOB, ,l{OKaSQTeJII,CTBO ymlT8pHOOTH p -MaT
PHIUl H T.,It.). B BTOI CBR:31[ CJI8,l{y8T OTM8THTI, T8XE8 npo6JI8MLI C'l'OJII, mzpo
RO HCIIOJU,SyeMoro B KX.1L KJiacoa HeROBapilaHTHWC ("aKCJlaJII,HHX") K8JlllI6po-
B01t !_Z"j/ ,II = {J , HHT8HCJIBH08 060µ.IteHllie KOTOPWC BHOBI,. Ha'la'l'O 
B CBH3ll O o6HapyxeHHHM H8,l{SBHO paOXO]E,1{8HllI8M pesyJII,TQTOB pao-
'!8TOB 38Be,ItOMO KaJIH6poBO'IHO-KHBapaaHTHOro 06'I:,8KT8 - II8TJIH BitJn,ooHa, 
IIp0B8,1{8HHHX B.BTOM KJIQOCe KaJIH6poBOR (llpll Bp8M8HllIIIO,l{06HWC· BH6opax 
BeltTOpa /lp ) 1 C pe3.Y,7Jl,'l.'fl.T&m 1 !!QJJY'l8HlUDm B KVJIOHOBCKOI H tbelHMa-, 
HOBCitOI lt8JIJl6poBKaX (S. Caracciolo a.o. Phys. Lett., 1982, II3B, Ho 4,' 
p.311-314).\ 

ll8J!I, pa6oTH cocToHT B nocTpoemm HOBOro, cB060,ItHoro OT OTMe'!eH-
HHX BHlll8H8,l{OCT8TROB IIO.ttXOM It npo6Jr8M8M H8IIp0TllIBOpe'!llIBOro KBEIHTOBa
mtJI K8.JIH6poBO'DWX IIOJiel, a Taue lt8.1IllI6poBO"IBO-llIHB8pREIHTHOro OIIHCamtli 
HH~paCHol 06JraCTH paSJIJrI"IBHX MO,tteJiel Teopim no.n.s:. 

liay,mas: HOBR8H8 H IIWTH'l80KaJI neHHOCTI, 
!IOC'1'p08B MO)tllqHiijlp0B8HHHI M8'1'0,I( ItB8H'f0BamtJI K8.lillI6poBO"IBHX JIOJieA 

M8TO,l{OM cpyB:KIU!OHaJII,HOrO llIHT8rP8JI8. HoBHe BHpSX8HlIJI A,lrJl IIpollISBO~ 
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qJyHKIU!OHWIOB $ --MaT~ lI ~ rpmm IIOMHMO J2 ~. o6eo
II0'lllIBaD!lefl BHIIOJIH8Hlle Jt8.]m6pOBKllI /l, ~,II = 0 • .I(OIIOJIHHTeJU,HO co.nep
l!taT cf-qiyHI(lijll) J'(~"f:.;0 (A] , o6ecne'!llIBalJllYl) BHIIOJIHeHRe saxoHa 
raycoa llO,l{ 8H8ROM qJyHKIUIOHWII,HOro llIHTerpa.na. IloCJie,ItHee 06CTOH'f8JII,
CTBO IIpaBO,l{llIT'R TOMY, 'ITO IIOJiy'I6HHHfl B ,l{llICC8P'fa.IUm HOM B8KTOpHHfl 
nponaraTop, B OTJillI'lllle OT o6wmoro nponaraTopa B RWm6poBKe /l JIJl,f' =-0 , 
0Yllt8CTB8HHO pa8.lm'l8eT llpOCTpaHCTB6HHO- H BP6M0HlillO,It06HHe BH60pli B8K
TOpa IZ,11 , 'ITO II08BOJIH8T paspellIHTI, llpOTKBOpeqze C xwm6po
BO'IHOii HHBapaaHTHOOTI,IO paoqeTOB II8TJillI Bwn,ooHa, B08HHK8.D!l88 B OTaH
.napTHOM IIO.ztXO.I(e IIpa BH6ope !ZJI B BH,l{e Bp0M8HIDIO.I(06Horo B6KTOpa. 

B ,l{llI006PTa.IUm IIpe.It,llaraeTCH HOBHfl, CJI6,l{yKIIUlll Henoope,l{CTB8HHO 1!8 
JiarpamteBa qiopMaJillISMa OII0006 BB8,It8HllIH Rwm6poBO'IHO-lIHB8pllIEIHTHWC 
KOHTypH0-88BllOHMHX ,l{lIHaMH'l8ClCl'IX B8JillI'lllIH, B 'laOTHOCTH KaJm6pOBO'IHO
lfHBapR8HTHOrO cmmopHoro nponaraTopa. HoCJie.nyeTCH OBHSI, KOHTYPHOrO 
npOHSBOJia B BTHX BeJIKlmHax C K8.JillI6poBO'!HllM Ilp0H8BOJIOM B RX KaJIR6po
BO'IH0-88BllCHMWC aHWiorax •. Ql>opMyJmpoBaH ,l{lIHQMll'!ecKllfl KpnTepd Ha BH-
6op KOHTypa HHTerpRpoBSHRH B 8KOIIOH0Hlm8JII,HOM qiaKTOpe RaJm6poBO'IHO
ID!BapllIEIHTHOro ommopHoro nponaraTOpa. HHqipaxpacsan aCHMIITOTHKa aToro 
nponaraTopa Bl:l1ll!CJI8Ha B paMKax Kail H KX.IL2'MO,l{eJieii. lIOK88aHO, 'ITO B 
8JI6RTp0,l{lIH&mlt8 OH llIM88T B llIHg)paKpaCHOfl.06.JIB.CTH llpOCTOfl IlQJU)O (6es 
Heip.!szt1eCKOfl TO'!KR B6TB1Iemr.a:). B TO xe BpeMJI B pm.max .ztBYM8PHOfl xpo-

.. MO.D;lmawml! IIOKa81:lBa6TOH, 'ITO B npe.neJi:e BOCCT8HOBII8HHH TpaHCJIHIU!OHHOfl 
lIHBapRaHTHOCTlI K8.llllI6p0BO'IHO-HHBaplliaHTHOro CIIHHOpHOro nponaraTOpa ero 
IIQJU)O OTO.ItBRl'88TOH Ha 6eCKOH8'IHOCTI,, 'ITO MOllHO TpaKTOBaTI, KaK KOH
qiai!HM8HT H80Jmp0B8HHOro KBapKa. 

,lJ.JyI 881!IlITl:1 Bi:llTRlllr/lll'l'CH CJI8l{.VJlllllI8 OOHOBHHe pesym.T8Tll. llOJifl8H
HHe B mtCC8pTamm: 

I. ClpopllfYJmpoBaH KpaTepn:11 O,l{H08H8'IHOfl ,l{OCTUlIMOOTlI nepBR'IHWC 
-K8.JIH6poBO'IHHX yCJIOBRfl • .IlOK88aHO CY1118CTBO~e H Ha:11.zteH HBHWI mr,It BTO

pR'IHHX Ka.Jm6poBO'IHWC yCJiomrlt, lIM6Jl!lll mr,It YOJIOBWi JiopeHUS, IIpllI'l8M B 
CJIY'l88 CaMO,l{e:l!oTBYJlllllIX B8KTOPHWC JI()JieA o6H'!HHe llp0H8BO,ItHHe 88M8HJmT
CH KOH'fYllHHMH IlpOllISBO,ItHmm ldaH,IteJII,CTaMa. BBe,1{8Hll HOBHe KalilI6poBO"IBO-, 
llIHBapaaHTHlle KOHTYPHO-samrcmwe IIOJieBHe nepeM8HHHe. ,ung HlIX llOJIY'l8Hl;l 
qlO!)l,!YJlll 06P811l8HllIH, YOTaH8BJIJIIBaD!lRe CBR:8I, B8KTOpHoro IIOJIH C T8H80poM 
HaIIpHX8HHOCTH. 

2. B Pfut8 K8.llllI6poBO'IHWC M0,1{8JI8fl T80pml IIOJIH ll8Y'!8Ha lIHg)paKpaCHWI 
acmmTOTRKa qiep,momi:oro nponaraTopa, sarmoaHHoro B Te:pwmax O.ztHO~aq
HO ,l{OCTmmMHX llOJI8BllX nepeM8HHWC. Cq>0PM;VJillip0BEIH ,l{lIHaMlI'!ecxmf KpaTepa:11 
Ha BH60p KOHTypa B KpaBOJilIHe:l!HoM HHT8rpaJie OT BeKTOpHWC IIOJiefl B CIIJll

HOPHOff qiymw;mr fpalia. IloKasaHo, 'ITO B CJIY'l88 IIpJD,IOJlllIHe:l!Horo XOHTypa 
Clil!HOpHHfl nponaraTop B ImqipaKpaCHQ:11 06JiaOTllI maeeT JipOCTO! IIOJIJlC, a B 
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CJJY1U!e npoHSBOJII,HOrO KOHTypa :e:Hq>pa.KpaCHHe oco6eHHOCTll aKKYMYJIRPYJOTCJi 
B q>aKTOpe, paBHOM BaeyyMHOMy Cpe'AHeMy BWII,COHOBCKoro onepaTopa. 

3. B paMKax -1/';tl -npl!6.1.ll1llteHWI BHtmCJieH K8.7m6poootmo-HHBBpmUIT
mrll KB!ipKOW nponaraTop B 'A:ayMepHofl KB!iHTOBOfl Xp0MO,ItHHru.mKe. IloKa
SaHO, 'ITO ypaBHeHHe ~ Hero He Tpe6yeT 'AOllOJIHHTeJII,HOfl HHq>paKpaCHO:0 
peryMpHsamm. YcTaHOBJieHO, 'ITO B npe'AeJie, KOTOpllil BOCCTaHaBJIRBaeT 
KaJIR6poBO'l:Hyl) l!1 TpaHCJIJllUl'.OHHYJJ WlB8PRaHTHOCTL ll OTBe'lSeT nepeXO'AY K 
O'AHOSHatmo 'AOCTRlllIMUM llOJieBHM nepeMeHHHM, KBBpKOW nponaraTop He 
m.ieeT oco6eHHOCTH B JW6o:0 KOHetmoff 06JiaCTll, 'ITO o6wmo TpaKTyeTC.fl 
Kalt KOHq>aff.HMeHT KBapKa. 

4. llpe'AJ!OllteH MO.ItHq>HlijlpoBSHH!lfl MeTO'A KB!l.HTOB!l.HM KaJIH6p0B01lllHX 
Teopm!. Ilo.ny'l:eHH HOBHe BHpru!teHIDI ~ Ilp0HSBO~ ~OHaJIOB q>yHK
Iijlfl I'pmia l!1 $ -MaTpKUH, B KOTOpwc IlO'A SHaKOM KOHT:e:HyaJIDHOro HHTer
paJia o6ecne'l:lIBaeTc.fl BHnoJIHemre saKoHa raycca. 

5. B paMKaX npeA7IaraeMo:0 cxeMH pasmi:T MeTO'A nepeXO'Aa OT O'AHO:0 
~6pomm K 'Apyrofl B HOBOM BHpaxemm ~ Ilp0llSBO'AJilllero q>yHK!ijlOHaJia 
lJ -MaTp:e:IU:l H 'AOKa.SaHa ero KaJIR6poootma.fl HHBapllaHTHOCTL Ha MaCCOBO:0 
llOBepxHOCTH. Hafl'AeH HOW Bli,Il nponaraTopa BeKTOpHoro IlOJIH, KOTOpllil 
no KpaflHefl Mepe B HHSIIIHX llOp.ll"AKax Teop:e::e: BOSMyll!eHH:0 He Be'AeT K npo
THBOpetmm11 B pac-qeTax Blil:JIDCOHOBCKO:0 neTJIH. 

AIIpo68IUlfI 'AHCCePTalijlH. Pesym,TaTH, no.ny-qemme B .ItHCcepTamm, 
'AOKJia,znma.,mcL Ha cewmapax Jia6opaTop:e::e: TeopeTH'leCKO:0 q>HSIDW OIDIB, 
OT'AeJia TeOpeTH'leCKOfl q>HSHKH ffliB3 H Ha Ylll MeJit,llyHap0'AHOM ceMHHape no 
npo6JieMaM q>HSIUW BHCOKHX 3Heprz:0 (A)r6Ha, 1987 r.). 

1Jy6mamm. Ilo MaTepl!aJiaM 'AHCC6PTamIHOny6JIHKOBaHO 12 pa6oT. 

06~eM pa6OTH. Jui:ccepTaD;Wl COCTOHT HS BBe'AeHIDI, Tpex rJiaB OCHOB
HOro T8KCTa' SaKJIJO'l8Hll.!I .11 Tpex Ilp:e:JIOllteHH:0. Co'AepuT 109 CT~ 
T8KCTa ll 6n6JIHorpaq>n'leCrutii Cll.11COK JililT8paTypli llS 97 Ha.11Me
HOBBHHA. 

CO.uEP.JKAirnE PAID'ill 

Bo BBeneHHH 'ASH KpaTm HCTOp.ll'leCKHff o6sop COS'AaHWI annapaTa 
Teop:e::e: K8JIH6p0BO'IHWC IlOJiefl H OimCaHH HeKOTOpHe npo6JieMH, CTHMyJmpyio
ll!He ero 'Aam,Heflmee pasmTze. 

IlepBBH rJIBBa ,ItHccepTamm IlOCBR111eHa nsy-qeHHD acneKTOB KJiaCCH'l:ec
KOfl Teop:e::e: IlOJieff .ffHra-MwI.llca. B rJiaBe HCCJ18'AY8TC.fl npo6JieMa.O'AHOSHa'l
HOro npoeKTHpoB!l.HIDI, HaJiaramtero Ha IlOJie HHra-MwI.llca COOTB8TCTBYmtee 
nepBH'l:HOe Ka.Jm6poBO'lHOe yCJIOBHe • .Il,1.ui CB06O'AHHX B8KTOpHHX IlOJie:0 'AOKa
SHB88TCJi TeopeMa - HeO6XO'Am.1O8 H 'AOCTaTO'l:HOe YCJIOBHe e,ItHHCTBeHHOCTH 
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npoeKTOpa Ha BeKTOPHO8 IlOJie; SMBHHOe B COOTBeTCTBYD11efl nepBll'l:HO:0 
Ka.Jm6poBKe Bli,Il8 (jl1JJ = 0. J(oKa.SHBaeTC.fl TeopeMa O CYJI!eCTBOBB
HHH Ha ypaBHeHWDC ,IUmllteHWI BTOPR'lHOrOKa.JIH6poBO'l:HOro yCJIOBHH, m.ieio
II1ero ~ CBO6O'AHHX KaJIH6poBO'IHHX nOJiefl BH.Il yCJIOBHH .liopeHIJ,8. 'f}.J/4: =- O. 
B O61I1eM CJJY1U!e CBMO'AeflcTBYII!tHX Hea6eJieBHX IlOJie:0 BBO'AHTC.fl HOBHe Ka.JIH6-
poBOtmO-HHB8pl!aHTHHe KOHTYPHO-SBBHCHMHe BeKTOpHHe IlOJIH, COBIIM8lJllllile 
c o61C4llllMH (oimcHBaeMHMH o6Htmoff Jiarpa.HJKeBoii 'Allliru.mKOfl) no.nm.m HHra
MwI.llca, SS'ABHHHMH B COOTBeTCTBYDIIHX KaJm6poBKSX JWllll, Ilpll 'lSCTHHX BH-

6opax KOHTypa. IloKBSBHO, 'ITO AllH 3T.11X nOJieit m.iem CRJiy Bee COOT
HomeHHH KSJ(, T.e. ypaBH8HH.fl ,JUmllteHWI, q>Op.!YJIH CBHSH c Ka.Jm6poBO'lHO
HHB8pl!aHTHHM T8HSOp0M HaIIpmlteHHOCTH, BTOpl!'l:HOe KaJIH6poBO'l:HOe yCJioBRe 
ll To'A•t C SaMeHOfl 06H'l:HHX llp0HSBO'AHH:X Ha KOHTypHHe Ilp0RSBO'AHHe Mali
'AeJII,CT8M8 • 

Bo BTOpofl rJIBBe ,ItHccepTamm Ilpe'AJIBraeTC.fl HOW, CJie'AYDIIH:0 He
nocpe'ACTB8HHO :e:s o6wmoro·JiarpaHllte~ q>epMaJIRSMa cnoco6 BBe'AeHRH Ka
Jm6poBotmo-HHBap:e:aHTHWC KOHTypHO-SSBllCHMHX 'AHHaMH'leCKRX BeJm'IllH, B 
'lSCTHOCTR KaJIH6p0BO'lHO-HHB8pl!aHTHOrO CilllHOpHoro nponaraTopa~ KaJIR6-
p0BO'lHO-HHB8pl!aHTHHe q>yHKUlm fPRHa He llOCTy.JmpyDTC.fl, KaK o6wmo, a 
IlOJJY'lallTCJI.llS o6H'IHWC C IlOMOIIILD COOTBeT~TBymtero, He MeHHD11ero Jiar
pammaHa l!1 ypaBIIeHH:0 'ABllllt8Hll.fl npoeKTHPOB8Hll.fI, C _KOHTypHO-SaBHCHMHM 
npoeKTOpoM. HcCJie'AYeTC.fl CB.fISL KOHTypHoro npo:e:SBOJia B KaJIH6p0BO'lHO
HHB8pl!aHTHHX BeJIH'IHHSX C KBJIH6poBO'llWM llp01!13BOJIOM B COOTBeTCTBYII!tHX 
HM KBJIR6poBO'lH0-3aBHCHMHX aHaJiorax. OOp.iyJI:e:pyeTC.fl ,ItllHaMH'l:8O00 KPR
TePRA Ha BH6Op KOHTypa RHTerPRpoBBHH.fl B 3KCilOH8HlijlaJILHOM q>aKTOpe Ka
JIH6pOBO'l:H0-1!11IB8PHaHTHOro CllllHOPHOro nponaraTopa. CorJIBCHO 3TOMY KPR~ 
Tep:e:D nponaraTop (l) llpl!O6peTaeT H8SamICHMlifl, BHe CB.fl3B C ~ -MaT
pmefl, q>B3B'l:ecm CMliC.Jl (c TO'IKB 3peHHH npH,D;aHB.fl q>B3.ll'l8CKOro CMHCJia 
ero oco6eHHOCTSlM) np:e: BH6ope KOHTypa RHTerPRpoBBHHH C.xy B axc
noHelilijlaJILHOM q>aKTope B BH,Ile oTpeaKa npm.1ofl P.xy , coe,ItllH.fIDllero 
TO'IKB .X ll !/ 

HHq>paKpaCHB.fl 8CBMllTOTBK8 K8Jll'I6p0BO'lHO-HHB8PHaHTHOro CilllHOPHOro 
nponaraTopa (1) :e:sy-qaeTc.fl qiyHKIJ.ROHaJILHHM MeTO'AOM - B MeKTpo,IJ;HHaMBite. 
IIOK838HO, 'ITO BCe ero cneur,Iq>.11'18CKH8, CB/138HHH8 C npoBSBOJIOM BH60-
pa KOHTypa B 3KCllOH8~HOM qBKTope, oco6eHHOCTH B RH~paKpaCHOfl 
o6JIBCTB aKKYMYJIRPY!lTCJi B.~Tope, paBHOM BBKYYMHOMY cpe'AH8MY OT BRJIL
COHOBCKOro onepaTOpa w ( .l) : 

C(.x~J/C.xJ~ ,fc. (x-JJ)W(l), 
r'Ae fc. - CBO6o'AHHil CllllHOPHHil nponaraTop, KOHTyp t COCTOHT ll3 
:e:cxo'AHoro KOHTypa RHTerp:e:poBaHWI C.x!I B oTpesKa llP.fIMOfl ~z • 
B CJJY'l:Be JKe onpa!\,ltaHHoro 'AHHBM.ll'lecKHM Kpl!TepneM BH6opa C.ri = ~Y B 
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C-/4 J / C.:r:1) , aToT ~naraTop HMeeT npocTofl noJIDC B HHgipaKpac-
Hoff O6.rracTH : (). ( P) ~ ( P- in)-.I , P 2 ~ ht 2 

• IloCJie,IUllti1 qmtT yc-
TaHaBJIHBaeTcH Kalt qJy'HKlij!OHMI,HNM MeTO'AOM, Ta.K H Ha OCHOBe nOJIYqen
HWC B ,ItHccepTarcim ypaBHem ,Il.aiicoHa-Illmmrepa. 

HcCJie,eyeTCH npo6JieMa samrprumsr IJ,BeTa B paMRaX 'ABYMepHofl xpoMo
~aMmaI. B 1 M -npn6.lIIDltemm mccmCJIHeTCH HBl}ipaxpacHaa acm.mTOTmta 
Ka.Jm6poB011HO-HHBapHaHTHOro KBapKOBoro nponaraTopa. IloxasimaeTca, qTo 
8TOT nponaraTop He HMeeT oco6eHHOCTei1 B Jm6ofl KOHe11Hofl o6JiaCTH. Iloxa
saTeJll>HHM HBJIHeTCH TOT qiaKT, 'qTO B 8THX Bl:l'qHCJieHHHX He Tpe6yeTcil 
BBe'AeBHH BCllOMOraTeJIJ,Bofl HHgipaxpacHOfl peryJIHpnsarcim, He06XO.IQIIMOi1 ~ 
BU"qHCJieBHH acHMnTOTHKH o6wmoro nponaraTopa. B xaqecTBe ecTeCTBeHHo
ro peryJIJipHSYJlllero napaMeTpa B mccmCJiemwx BHCTynaeT napaMeTp A 
BOCCTaHOBJieHHH KaJm($poBOtmOfl H TpaHCJ!JmROHHOff HHB8.pHaHTHOCTH ~aMH-
11eCIGDC BeJIHqzn. TSKHM o6paSOM, npe.u,n:araeMllfl llO.rtXO'A CB06O'AeH OT HeO'A
HOSH811HOCTefi, CBHSSHHHX C pa~ cnoco6aMH HHgipaxpacHOH peryJIH
pnsarcim B KaJIH6p0B011HO-HeHHBapHaHTHOM giop,taJIHSMe. MaccoBUH onepaTop, 

. OTBeqalJIIIDl KaJIH6p0BO11HO-HHBapHaHTHOMy nponaraTopy KBapKa B J.llWIPYX>-
111eM no~e no A , m,ieeT BH.lt 

Lz. 11-1 
11 (P J =rx -;rA .iJll P. 

H, cJie'AOBB.TeJil,HO, B npe'AeJie A - oo nOJIDC cmmopHo:l! giyHiw;lm I'pR
Ha yxo,ItHT Ha 6eCKOHetmOCTl>, 'qTO MOllteT TpaKTOBaTl>c_H KaK KOHgia:l!HMeHT 
OT'AeJil,HOro KBapxa. 

B TpeT1,efl r.rraBe ,ItllCCepTm.um Hs.naraeTCH MO,Itllqi11[Il;lip0BaHHH:l! MeTO'A 
KBB.HTOBB.HHH noJieff HHra-MwJ.Jrca, OCHOBaHllldl H8. yqeTe BTOpH11HHX Kaml:6-
poBOtmHX yCJiom. IlOKaSHBa.eTCH, 'qTO B pesy.m.TaTe KOppeKTHOro nepeXO'AS 
HS giasoBOro npocTpaHCTB8. B KOHqEI'ypall;IIOHHOe llpORSBO,ItH!IUie ~OHaJIH. 
$ -MSTpml;Il H 4JYHKD,IDII'pRHa, B OTJIH'qHe OT COOTBeTCTBYIWIHX CTSH'AS~ 
Bl:lpalltem B KYJIOHOBCKOff KaJIK6poBKe, CO'AepitaT 'ABe g)yHKIJ;,IOHaJil,Hlle J1 -
~ no'A SHaKOM HHTerpaJia no KaJIH6p0BO11HOMY noJID. CoBMeiqeHHe 8THX 
J1 ~. Bo-nepma, o6ecne'll!B8.eT O.ttHOBpeMeHHoe BunOJIHe1me yCJio
mra K:yJIOH8 H SaKOHa raycca (saKOH8. raycca co BSaHMO'AefiCTBHeM H SaKO
Ha raycca B CBO6O.ttHOfl l}io:PMe 'AO H noCJie nepeXO'Aa K peJtHMY TeOpmI BOS
MY111emd, COOTBeTCTBeHHO) H, BO-BTOpHX, o6ecne'llll3aeT paBeHCTBO 'qHCJIS · 
Hesa:BHC:ltMHX KOMllOHeHT BeKTOpHOro nOJIH HHTerpHpoBaHRH 'qHCJIY qJRSJ.IqeC
KHX cTenenefl cBo6o'A!l xwm6poBOtmoro nOJIH. B paMRaX npe.u,n:araeMofl cxe
w pasmrnaeTCSI MeTO'A nep!3XO'A8 OT O'AUOfl Kamr6poBKH K 'APyrofl B nOJiyqeH
HOM Bllpalltemm .u,n:.11 npoHSBO'AHlllero qJy'HKlij!OHana ,g" -MSTpml;Il H 'AOKaSHBa
eTCH ero KaJIH6poBOtmaH HBBapHaHTHOCTl, Ha MSCCOBOfi noBepxHOCTH • .1vuI 
BCex JmHeflnux no KaJIH6poootmOMY nOJID (nep:BHtilWX) KSJm6poB011HHX yCJio
Bl!fl ~ tp1J.I' = (} , r'Ae onepaTOp (f)JI , B 'qSCTHOCTH, MOlmO BH6-
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paTl> B Bime BeKTOpa a.,,,, . HaXO,wITCH HOBHe BUpallteHHH ,IJ,1UI npoHSBOM
II!IIX l}iyHKiijIOHaJIOB 5" -MSTpmul H ~ rpma. 3TH BllpallteBHH nOW!MO 
cf ( f/JJIJl_p) 'AOci>JIHHTe.m.Ho CO'AeplKST d' -giyluw;IIJO, o6ecne"qHBallllYD 

BllllOJIHeHHe SaKOHa raycca no'A SHaKOM qJYHKUliOHaJil,HOrO HHTerpa.rra no BeK
TOpHOMY nOJID AJI • IloCJiewi:ee o6cTOHTeJil,CTBO npnBO.ItHT K TOMY, "qTO 
noJiyqeHHH:l! B 'AHCCepTaJ.Um.HOBH:l! BeKTOpHufl nponaraTOp 
~ . J I . 

LJ.µ:;{;t}= - fez LJJI; :-- (ll-lC) (lc.!'11,i' .;.·JC;,llJI) ./-

/C2. . / 
f (f ll)(IZ(f;)[z2JCZ- ri~J2J ( ICJ'Zr+ /(,;,z.µ) + 

I · r 2 /'. ·· 2 JC
2 

;c_ IC Jl} 
I- (n.lCYLll -cfll). z2.;c2-(z!C}2 ;/I 9 . '. 

r'Ae t =- (I/ tJ,, 0,1 {)) , B OTJIH"qHe OT CTSH'ASpTHOro nponaraTopa B 
KaJIH6poBKe IIZA)= (J , CY111ecTBemi:o paSJmqaeT npocTpaHCTBemi:0-:11 
BpeMemmo'Aodirae Bl:l6opu HanpaBJieHHH BeKTopa 11,.,.,, qTo nosBOJIHeT pas
penmTl> OTMeqeHHOe Bllllle npoT:e:BOpe'q:lle C xa.n:e:6pOBO11HO:l! HHBapHaHTHOCTl,J) 
pacqeToB neT.n:e: Bwu,coHa, BOSHHKSD11ee·B o6wmoM no.rtXO'Ae. Tax,np:e: BU6o
pe BeRTOpa ;i..,,,, . Y'AOBJieTBOpHlllleM YCJIOBHJ). (tlZ) = j (TaK lite RaK . 
R npn Bl:l6ope fl.;,= CIC.JI ) , 'qTO COOTBeTCTBYeT, B qacTHOCTH, "raMWll,
TOHOBOa" J' -o6pasnofi xamr6poBKe (n,4} = (tA) =.AO = O , npona-
raTop L1 (tZJ nepexo,ItHT B o6H'mllit "KYJIOHOBCKl!a" nponaraTop 

(ll.J '.l'P • 
L1J'r (1t) / = /jra>{!c)/ =--'z Jq_J'l+ /CJ1K;,-{t1C)(2(1C~fx"',i17 

{tiz>=l 'J9 fl,J':,C,/(,JI IC lu {pc)
2
-lt J, 

a He B CTSH'ASPTHOe BupaiteHJile 

(4)St t' _f 
L1J'Y (x,) == - /CL zf il'r - IZ.J1lti' + lt,p/lv + tz,z /C,p/C;,} 

(atc) {tU<,)2 • 
(11-)l.t (ll-) 

B CTSH'ASpTHoe lite Bl:lpalterute Ll,11; nponaraTop LlJ'r nepett'AeT Jimlll, 

np:e: BU6ope BeKTOpa /1,,p , Y'AOBJieTBOplllllleM YCJIOBHD (lz /;) = {) • 0'A
HaKO m,iemi:o B 8TOM CJIYqae, KOTOpufl, B 'qSCTHOCTH, COOTBeTCTBYeT J -
o6pasHol Ka.Jm6poBKe A .1 = O , KaK pas :e: He oosHRKaeT npoTllBOpequ 
c pacqeToM neTJm Bwu,coHa B 'APyrlll xwm6poBKax. 

B saKJIDlleHJ!ll 'ASH KpSTKltl nepeqeHI, OCHOBlWX pesyJII,TSTOB, nOJiyqeH
HWC B 'ARCCepTaI.Um• 

B npuozemm :mmeceH P1iJt TeXIUI'leCKRX BOnpOCOB. 
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